Introduction
In the chemical industry there exists a continuing need for reliable thermodynamic data of binary systems. This is particularly true for systems involved in industrial processes. A survey of the literature reveals that y-butyrolactone is used in separation processes, yet there have been relatively few measurements on binary mixtures containing y-butyrolactone.
For t h i s reason, we have determined the excess molar volumes ( VE) of y-butyrdactone + benzene, y-butyrolactone + toluene, y-butyrolactone + m-xylene, cyclohexane 4-benzene, cyclohexane + toluene, and cyclohexane + p-xylene at 298.15 K.
Experimental Section
Benzene (Aldrich Gold Label), toluene (Aldrich Gold Label), p -xylene (Aldrich Gold Label), y-butyrolactone (Aldrich Gold Label), m -xylene (MCB Spectroqualii), and cyclohexane (Phillips 99.5%) were stored over molecular sieves to remove trace amounts of water. Binary mixtures were prepared by weight so that concentrations could be calculated to 0.0001 mole fraction.
Denstties were measured with a SODEV Model 01D densimeter thermostated with a SODEV closed-loop temperature controller. The reproducibility of the programmable circulating thermostat was better than 0.005 K while the fluctuations in the temperature control unit were withln 0.0003 K during the time required for each series of measurements. Samples were introduced into the vibrating densimeter tube by means of a multipott valve (Reodyne, Model 501 1, six-position Teflon rotary valve). Using this sampling valve, we were able to determine densities in rapid succession. Flow rates of solutions were maintained constant at about 0.6 mL/min to minimize errors due to flow rate variations. A pure liquid was run between each binary mixture, and the measured oscillation period for the pure liquid was used in denslty calculations for the preceding binary mixture. This procedure was found to correct for slow drifts in the vibrating-tube frequency and improve the reproducibility (f2 ppm) of the density measurements. Picker et al. ( 7 ) describe the mechanical design and precision of vibrating-tube densimeters, as well as the calculational methods, in greater detail.
Resuits
The experimental results are listed in Table I 
molar volumes of binary mixtures do provide valuable insight into molecular interactions. The negative excess volumes for the three systems containing y-butyrolactone indicate complexation between y-butyrolactone and the aromatic hydrocarbons. Attempts to estimate the association constant from the experimental data by using the ideal associated solution model were unsuccessful as the VE's are not symmetrical with respect to mole fraction. Possible explanations for this unsymmetrical behavior are (1) formation of hlgher-order complexes, (2) physical interactions not being negligible compared to the chemical interactions, and (3) specific interactions between adjacent y-butyrolactone molecules. On the basis of the limited number of experimental measurements it is impossible for us to conclude which of these explanations is most probable. Recent vapor pressure measurements by Grant et al. (2) on y-butyrolactone + isooctane mixtwes do suggest very weak specific interactions between y-butyrolactone molecules. Although the vapor pressure data could be described by a monomer/pentamer association model, the authors cautioned that their results di d not definitively prove the exlstence of pentameric species In solutlon. As in all cases, the presence of molecular complexes should be supported by independent measurements Involving spectroscopy, calorimetry, etc.
Introduction
The liquefaction of coal to produce fuels and possibly chemical feedstocks requires much research in chemical and phase equilibrium for suitable design, product distribution, and energy utilization. Thus, the Bartlesville Energy Technology Center of The project to measure the solubility of hydrogen in coal liquids was developed through the phases of design, construction, testing by measurements of hydrogen solubility in Tetralin, measurements of the solubility of hydrogen in a fourcomponent synthetic recycle solvent mixture, and measurements of hydrogen solubility in middle and heavy distillates from the SRC I1 process. The methods were extended to measure the composition of the vapor phase at equilibrium for the hydrogen-Tetralin system.
Apparatus
A static system with a 2-L autoclave was selected for this project because (1) it was simple to operate, (2) the cost was relatively low, (3) design, assembly, and operation were possible in shortest time, (4) it gives reasonable accuracy, and (5) it was deemed best suited for study of coal liquids and complex systems containing water, ammonia, and hydrogen sulfide as well as hydrogen. The static system suffers most from increased probability of sample reactions at high temperatures owing to the long exposure times. That problem will be discussed later in the paper.
The high-pressure equipment was located In a special-purpose laboratory for hydrogen solubility and coal hydrogenation projects. The autoclave and sampling system are shown in Figure 1 . All parts of the autoclave and sampling system that contacted the fluids were made with type 316 stainless steel except the short tubing between the autoclave and valve 1, which was made from type 347 stainless steel. The studies were made with 1300 cm3 of llquid in the vessel at Operating
